A new grid topology has benefitted to the consumers and also utility indirectly, which is called micro grid. It uses renewable energy sources as distributed generations to distribute the electricity directly to the consumer. This can provide a management system for replying the demand from the consumer, and dual communication system between consumer and utility. In this paper, the demand response management system is developed and simulated by adopting a fuzzy control system. The simulation is performed using the dynamic pricing and energy consumption as the inputs for implementing the demand response. The comparison results between the energy consumption before and after participation in the demand response program are presented.
I. INTRODUCTION
In recent years, the introduction of the micro grid has enhanced the distribution reliability and sustainability. The power generated from renewable energies are supplied and stored in the storage devices and fully controllable in distributing power to the consumers which it has its own distributed generation units placed close to the customer [1] . The smart grid or micro grid is constructed to receive and encourage more active procedure of demand-side resources and involvement of customer load in operation of the grid. Thus, the two-way communication could happen between customers and utility in this program. Since the electricity used during the peak hour will be more expensive than an off-peak hour, this program aims to shift the users load from peak hour to off-peak hour [2] . Hence, the demand response could be implemented by the two-way communication which comprises of consumer and utility using a smart meter or others network such as the internet. Demand response is defined as variability of the energy consumed by the loads that affect the consumers to balance their kWh during peak demand and shift the loads to the off-peak demand. The existing grid was designed as a oneway of transferring power from generators to load sites [3] , [4] , which avoiding to manage the energy usage from the consumer to the utility. For eliminating the enormous energy supply and unbalanced energy consumption in the micro grid, the demand response management system (DRMS) is subjected to propose. Also, the consumers can involve an active role in this system by giving a response to the utility. Hence, consumers can decrease their energy consumption during the peak period, and the renewable energy source is used as the backup for their usage during peak hour. A small reduction in demand will result in a significant decrease in generation cost and also decrease in electricity price. As presented in [2] , the demand response makes a 1% change of energy consumption into at least a 10% price reduction during peak hour.
In this paper, the DRMS is developed and proposed using fuzzy control for the users to manage the energy consumption on a daily basis. The energy consumption and pricing are employed to the fuzzy control to get the demand response. The paper is constructed by the description of micro grid in section II. Then the methodology of developing the demand response based fuzzy control is presented together with the outcome.
II. SYSTEM DESCRIPTION OF MICROGRID
In this section, the micro grid system, demand response management system and analysis approach are explained. All of the processes that presented in this paper are important in obtaining the desired result.
A. Communication of Micro Grid System
The smart metering is owned by all the consumers who applied as the communication medium for users and utility in the household [5] . Consequently, the old meter is replaced with the advanced metering infrastructure (AMI), which is for scheduling the household electricity consumption automatically [5] . Besides, the local area network (LAN) is used to support the communication between utility and consumers by a smart meter that also connected to the power line which the data are coming from user/utility directly. Therefore, the DRMS for micro grid is constructed by assuming all of these communication process and consideration of the capability of the system from users in a particular area. Typically, the power sources have been produced to give the micro grid for domestic or small users, which is approximately 1MW. The type of household used in this study is low residential load, single storey in semidetached with 70kWh to 90kWh energy consumption per day [6] . The energy consumption for household appliances for house 1 and 2 referring to [6] are listed in Table I and II.   Table I Energy consumption for household appliances for house 1 [6] Interior Equipment: Electricity 9.63396 Water Heater: Electricity 8.28720
B. Data Collection
The electricity in micro grid is produced by renewable energy sources (RES). Therefore, the power generated from the RES is not that continuous as the existing main grid. The sources of the power depend on the weather of each day for example, on a sunny day; the solar farm will produce more power compared to a rainy day or at night time. Nevertheless, the energy will be constantly stored in the energy storage (battery), as a backup due to an emergency or shutdown, when energy produced is higher and also when the consumers are investing their energy to the utility. Hence, the energy consumption pattern of all micro grid users must be rescheduled to shape the most ideal and healthy behavior in supporting the demand response program.
1) Energy Consumption Data
In this study, two houses with different types of energy usage are compared in one-day consumption that to be rescheduled to follow the ideal and advisable energy usage in a household to minimize the energy cost at the end of the month. Also, one household is compared with the population of a few houses in micro grid area to see the different time interval to shift some appliances. The data for energy consumptions are presented in Fig. 1 to Fig. 3 . 
Where, E represents the energy, and xappliances represent the energy used for each appliance in one day. Meanwhile, the population standard deviation for energy consumption can be calculated as follows: Where, the value of i=1,2,3…n th , while x is the total energy used for each household in one hour, and u represent the total energy used in one hour for all user and f = 24 hours.
2) Dynamic Pricing
The dynamic pricing (cent/in kilowatt hour) data used in this study is referred to [7] , as shown in Fig. 4 . The pricing is estimated depending on the weather or power produced at each day [7] . For example, on a sunny day, the power generated is higher than a rainy day. Hence the price for the power at that day on peak hour will be much lower than power at peak hour on rainy day. The billing cost is calculated at every hour of energy used in a household. The price is typically high when the load demand is higher and vice versa. III. DEVELOPMENT FUZZY CONTROL Fuzzy control is similar to the human thought, which is a process that can be accepted logically. The theory of implementing fuzzy control has been widely written in many publications. In this project, fuzzy control is employed to tune and manage the energy consumption between users and utility in each household by using the logic of fuzzy. The input and output range are controlled by changing the shape of the membership function. For the individual residence, the energy consumption and dynamic pricing are used as input data. There are 9 fuzzy rules adopted to deliver the best output as shown in Table III . Then, the input value is normalized with the scalar gain to match the input range in fuzzy control. The DRMS model in the Simulink is designed as shown in Fig. 6 . The input for this model is plotted in square wave generated by the interpolated random data block.
Fig. 6. DRMS Simulation Model for each household V. RESULT AND DISCUSSION
The result of the demand response system is illustrated in the graph and table according to the cases. The energy consumed by appliances in each household is analyzed correspond with the dynamic pricing. Thus, the ideal energy consumption is suggested by the utility to encourage the consumer to be a responsive participant in demand response program. The fuzzy rule is applied as given in Table III . The DRMS is evaluated for every hour to consider the shiftable appliances to be shifted at the peak and off-peak hour depending on the load demand profile for each household.
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A. Case 1: Probabilistic Analysis for Household 1
The demand response output for household 1 is obtained by the evaluation of load profile for every hour of energy used. Illustrations are presented by a line graph and bar graph, respectively. Based on the Fig. 7 and 8, the behavior of household 1 is normal when following the normal schedule of the availability of people at home. The peak load period for this household has two sessions which are in the morning and the evening considering that the availability of people at home. In the morning, from 7am-9am, the highest demand for household 1 is approximately 5.9kWh and in the evening, at 6 pm, the highest demand is 5.19kWh . While for the off-peak period is from 11am-5pm and 8pm-5am. The minimum demand in the off-peak hour is 2.37kWh, and maximum demand is 4.0kWh. Also, the pink line in Fig. 19 shows the dynamic pricing for smart grid energy cost. The highest value of the price is 3.45 cent/kWh, while the minimum price is 2 cents/kWh. The variation of price in this system is according to the load demand. Hence, when the demand is increased, the price is getting expensive since more demand is requested to the electric provider. The peak hour for example in the morning makes the energy cost high in the morning, and the price is lower when the demand is low. Moreover, the cheaper cost is analyzed for helping the consumer to shift their adjustable load at the suitable time or period considering the availability of people at home. The analysis of energy consumed and the action that need to be taken in household 1 has been tabulated in Table IV which consists of the time interval, price, energy consumption and DRMS output for the classification action of load curtailment or to consume more load. 
B. Case 2: Probabilistic Analysis for Household 2
The Fig. 9 has shown the result for DRMS output for household 2, which an active consumer. By observing the Fig.  9 , the peak hour for this household 2 has one session, which is in the morning, from 6 am to 8 am. The peak demand for this load is 6.51kWh at 7 am. This indicates that the people in this household are using the energy to do routines before going to work or else. This is because, as displayed in the graph the consumptions of this household are still at the excellence level in participating in the demand response programs. At the offpeak period, the minimum energy used for this household is 1.48kWh, and maximum energy is 4.2kWh. Next, the price for this system is using the same dynamic price from household 1 where the highest price is at the morning and certain hour at the evening, the rest of the period is in the average and low cost following the user's electricity usage pattern at that time. The total energy that household 2 consumed at the peak hour (6am-8am) is 16.53kWh. Hence, the utility asked the user to shift or reduced some load at this hour into the off-peak period to lower down the energy usage. The analysis of energy consumed and the action that need to be taken in household 2 is as tabulated in Table V . 
C. Case 3: Comparison of Household 1 and Household 2
The Fig. 11 illustrates the DRMS output for both Household 1 and Household 2 with a slight difference between both households regarding the schedule of appliances operation. However, the schedule of the operation of the appliance is depending on the user's choices and dynamic. This caused a slight difference regarding the time of appliance operation between household 1 and household 2. Based on the bar graph in Fig. 12 that household 2 is performing very well in following the demand response programs compared with the household 1. It can be observed from the graph bar of energy recommendation which showed that household 2 is offered to consume more energy from 10 am to 6 pm where the household 1 cannot. This because the utility offered to increase or consume more load at most of the time except in the morning since household 2 is well-behaved in consuming energy. Although household 1 is not behaving as well as household 2, the utility had rearranged the load curtailment or load shifting schedule for both household to balance the usage of electricity to meet the requirement of the programs. The different from the energy usage pattern in household 1 and household 2 is displayed in Table VI. The total difference is 18kWh which the household 2 has good performance than household 1. Hence, the DRMS output has a few differences since the load curtailment or load shifting for household 2 is only in the morning while household 1 is in the morning and evening.
VI. CONCLUSION
The development of demand response management system in the microgrid for a household is successfully developed, and the analysis for demand response model has been successfully modeled and tested by using MATLAB/Simulink software. The employing the fuzzy control has successfully to manage the demand response analysis to users. Demand response programs are produced to help both utility and user side to balance and control the energy consumption. Moreover, it is built to enhance the communication platform for both parties to obtain the reliability and efficiency of power distribution and consumption. The analysis approach are discussed including each household consumption for average and good performance in participating demand response and comparison between households from the DRMS model.
